This study investigated the effect of particle size and chemical composition of grape seed flour (GSF) on the physical, chemical and sensory quality of cookies. Results indicate that the chemical composition of GSF varied significantly with particle sizes and smaller particle fraction had higher ash, fat, protein and extractible polyphenol contents but lower dietary fiber. Inclusion of 2.5-10% GSF in the cookie formula enhanced darkening, increased thickness and hardness, increased polyphenol and dietary fiber contents in dose-dependent manner, but reduced diameter and consumer acceptability of cookies to various degrees. The impacts of GSF on the cookie quality and sensory properties were strongly associated with the inclusion level and particle size of GSF. Higher GSF (5%) inclusion and smaller GSF particle size (104 µm) resulted in lower consumer acceptability. To minimize the undesirable effect of GSF on cookie quality, up to 5% of GSF with average particle size 209 µm is recommended.
activity of the pomace (Zhao, et al., 2015) . Similar results were found for ultrafine grinding of wheat bran (Zhu et al., 2010) . However, it is unknown what effects the superfine grinding grape pomace/seeds have on food product development.
The hypothesis of this study was that chemical compositions of grape seed flour (GSF) fractions of different particle sizes were different, which had significant impact on the product quality and consumer acceptance of cookies. Therefore, the chemical composition including proximate composition, total dietary fiber and polyphenol composition of Muscadine Carolos and Muscadine Noble GSF of different particle sizes were determined and their effects on the quality of short bread cookies were evaluated in this study.
Materials and Methods

Preparation of Grape Seed Flour
Pomaces of Muscadine Carlos and Noble were kindly provided by a winery located in North Carolina, USA. The pomace was vacuum dried and seeds were separated manually from skins. The seeds were ground into powder which was separated into three fractions of different particle size ranges using a set of mesh sieves (fine: 80-100 mesh; medium: 60-80 mesh; coarse: 40-60 mesh). The medium and coarse fractions were ground and sieved again until their particles could not be further reduced. The particle sizes of different fractions of ground grape seeds were determined by Laser Particle Size Analyzer (Microtrac, Montgomeryville, PA, USA). The average particle sizes of three fractions were 104 μm, 209 μm, and 486 μm, respectively. The GSF fractions of different particle sizes were stored in moisture proof plastic bags at 4 o C.
Cookie Preparation
The GSF fraction was mixed with other ingredients of short bread cookie to 2.5-10.0% using a kitchen aid to form cookie dough, thus percentage of other ingredients (all-purpose flour, baking soda, sugar, butter, egg) except vanilla extract were proportionally reduced. The dough was split into small pieces of equal weight which were rolled in small balls and pressed in a cookie cutter to the same height. The cookie dough was placed on a cookie sheet (24 per sheet) and baked in a preheated oven at 177°C for 20 minutes, then cooled to room temperature on the cooling shelf.
Measurements of Physical Properties of Cookies
After cooling, cookie weight, diameter, thickness, color and texture were measured. The cookie without GSF was used as control The weight of cookies was recorded using METTER TOLEDO AB 265-S balance after cookies were cooled to room temperature. The measurement was triplicated for each type of cookies. The diameter was measured using a ruler and the thickness was determined by a caliper. Four measurements were taken for each cookie.
Color was measured by CIEL color system using Konica-Minolta MC-3500d Spectrophotometer (Tokyo, Japan). The color of cookies denoted L*, a*, and b* was determine, where L* signifies the lightness from 0 (black) to 100 (white). The color channels, a* and b*, represent true neutral gray values at a* = 0 and b* = 0, represents green and blue at negative a* and b*values, and red and yellow at positive a* and b* values, respectively. Measurements were made at 5 spots on the top side of each cookie. The results were expressed as the mean of 15 measurements (3 cookies per treatment).
The hardness of cookie was measured using a TA-XT2 Texture Analyzer (Texture Technologies Corporation, Scarsdale, NY). The program used was Bakery/Biscuit cutting-BIS2_KB.PRJ with the probe HDP/ BSK (Blade Set with Knife) to determine the maximum force needed to cut the cookie. The measurement was conducted in triplicate.
Proximate Composition Analysis of Different Fractions of GSF and Cookies
Moisture, ash, crude protein, crude fat, total carbohydrate and dietary fiber contents of GSF and cookie samples were determined using AOAC methods, and total carbohydrates were calculated by difference. The moistures were determined by vacuum drying method using an Isotemp Vacuum oven (Fisher Scientific, Georgia, USA (Mariotti et al, 2008; Fujihara et al., 2008) . Ash and protein were determined using defatted samples, then converted back to the non-defatted basis according to the fat contents of GSF and cookies. For each of GSF or cookie sample, the measurement was conducted in triplicate.
Determination of Dietary Fiber of GSF Fractions and Cookies
Total dietary fiber (TDF) of GSF and cookie was determined using the enzymatic-gravimetric method by AOAC method 991.42 (AOAC, 1996) with TDF assay Kit (Sigma-Aldrich, St. Louis, MO, USA), which uses heat stable α-amylase and amyloglucosidase to hydrolyze and remove starch, and protease to remove protein.
Determination of Polyphenols of GSF Fractions and Cookies
The polyphenols in GSF and ground cookies samples were extracted using 70% ethanol. The sample size was 1.000g for GSF and 3.000g for cookie. A two-step extraction process was used for both GSF and cookie samples as described previously (Smith & Yu, 2015) , and the extraction was conducted in triplicate for each sample. The total polyphenol (TP) concentration of the extract was determined by Folin-Ciocalteu method (Singleton et al., 1999) with small modification, and expressed as mg gallic acid equivalent (GAE)/g GP. The total anthocyanin (TA) was determined by AOAC method 2005.02 and calculated as cyanidin-3-glucoside equivalents for the samples (Lee, 2005) . The total flavonoid (TF) was determined by the aluminum chloride (AlCl 3 ) colorimetric method and expressed as mg catechin/g sample (Hosu et al., 2014) . The condensed tannin (CT) concentration was determined by Vanillin-HCl Assay and were expressed as mg catechin equivalent (mg CE)/g sample (Hagerman, 2002) .
Sensory Evaluation of Cookies
A quantitative affective method was used to evaluate the liking of sensory attributes including color, aroma, texture, flavor and overall liking of cookies. The sensory evaluation of cookie was conducted the day after baking using 55 untrained panelists composed of students, staff and faculty members ages 18 to 55. Each attribute was scored using a 9-point hedonic scale with 1 being dislike extremely, 5 being neither like nor dislike and 9 being like extremely. Samples were assigned 3-digit codes and were randomized served in the plate. Each participant received a total of 5 cookies consisting of 0% GSF (control), 2.5% GSF (104 µm), 2.5% GSF (209 µm), 5% GSF (104 µm), and 5% GSF (209 µm). Water was provided for rinsing mouth between samples.
Data Analysis
Data of proximate composition, physical properties, and sensory evaluation were analyzed by ANOVA and Duncan Multiple Range Comparison tests using SAS 9.2 software (Cary, NC) to determine whether significant difference exist among samples containing different particle size/amounts of GSF at 5% significance level. The relationship between cookie polyphenol contents and GSF inclusion level was analyzed by numerical regression method.
Results
Proximate Compositions of GSF Fractions of Different Particle Sizes
The proximate compositions of fractions of different particle size differ from each other (Table 1) . Overall, finer GSF fractions had high fat, mineral and protein contents but lower carbohydrate and TDF contents regardless grape cultivar (Table 1) . When the particle size was reduced from 486 um (coarse) to 209 um (medium), the fat content of increased from 8.7% to 15.45% for Noble seed and from 9.07% to 17.95% for Carolos seed flour, but further reduction of particle size did not change the fat content too much. The coarse fraction (486 um) showed highest carbohydrate, lowest fat, mineral and protein concentrations. Extensive reduction of particle size due to grinding liberate more reactive components due to cell breakage, which explains the increased fat and protein contents detected. Carlos GSF had higher TDF than Noble GSF at same particle size, but TDF decreased significantly for both Carlos and Noble GSF as particle size decreasing. The lowest TDF content (32.32%) was observed in the fine fraction (104 µm) of Noble GSF and the highest TDF content was in the coarse fraction (486 µm) of Carlos GSF. It was reported that GSF contains 43% of TDF (Aghamirzaei et al., 2015) . At particle size 104 and 209 um, Carlos GSF showed higher TDF than total carbohydrate because the interaction between condensed tannin with protein and other components which could greatly reduce the digestibility of GSF (Yu et al., 2016) . 
Polyphenol Compositions of GSF Fractions of Different Particle Sizes
Reducing particle size of GSF significantly increased extractability of total polyphenol TP (Fig.1A) , total flavonoid TF (Fig.1B) , total anthocyanin TA (Fig. 1C ) and total condensed tannin (Fig.1D) . The only exception is that the TA content in the fine fraction of Muscadine Carlos GSF was significantly lower than that in the medium and coarse fraction. The extractable TP, TF, CT were only 5 mg/g, 2.5-3.0 mg/g and 1.2-3 mg/g in the coarse GSF fractions, but they increased to 12-14 mg/g, 5-6 mg/g and 5-9 mg/g in medium fractions, and 18-20, 6-7, 7-13 mg/g in the fine fractions. Our results are in good agreement with what reported by Brewer et al. (2014) who found that fine fraction of wheat bran had higher phenolic acid, flavonoid, anthocyanin, and carotenoid contents than coarse fraction. It was reported that crushing increased extractable TP and TF for Cabernet Sauvignon and Pinoir Sirah late seeds, but had little effect on anthocyanin extractability of Cabernet Sauvignon and reduced anthocyanin availability of Pinoir Sirah late seeds (Myeyer et al., 1997) . Similar results were found in the studies of polyphenol extraction from tea and ginger, in which more TP and TF were extracted when particle size decreased from 1.18 mm to 0.71 mm, but further reduction of particle size to 0.425mm resulted in decreased TP and TA extractability from tea, but increase for ginger (Makanjuola, 2017) . Combining our results and the findings of other researcher, we conclude that polyphenol compositions of GSF fractions of different particle sizes vary greatly which may affect the characteristics of food product if GSF is used as an ingredient in food product development.
Effects of Particle Size and GSF Level on the Physical Properties of Cookies
The physical properties including diameter, thickness, weight, hardness, and color of cookies were measured and the results were summarized in Tables 2. Compared with the control, cookie diameter decreased but thickness increased (P<0.05) in the presence of GSF although cookie weight only showed slight changes. Increasing GSF level from 2.5 to 5% reduced the diameter but increased the thickness of cookies, whereas, reducing particle size of GSF from 209 µm to 104 µm resulted in increased cookie diameter but did not change cookie thickness regardless the type of GSF. The hardness of cookies increased significantly in the presence of GSF and high GSF level resulted in harder cookies (P<0.05), especially Muscadine Noble GSF. The findings are different from the that of Acun & Gül (2016) who found that addition of 5-15% of whole grape pomace or 5-10% of grape seed powder did not cause significant changes in cookie diameter and thickness. Our previous study and Hoye's study about the fortification of while bread using grape pomace and GSF also found that an increase in grape pomace or GSF replacement above 5% of wheat flour caused significant decrease in loaf volume (Smith & Yu, 2015; Hoye, 2009 ).
The mechanical texture of cookies was evaluated by measuring hardness and expressed as maximal force required to cut the cookie (Table 2) . GSF cookies, especially those containing Noble GSF, were found to be harder than the control cookie (P<0.05). The increase of hardness with GSF concentration is marginally significant (P≤0.05) for Carlos seed cookies and smaller particle GSF fractions of GSF (104 um) had larger impact on the hardness of cookie in general with exception of Noble GSF at 5% inclusion level. The findings in this research are in good agreement with the findings of Samohvalova et al. (2016) who found that addition of grape seed powder strengthened wheat flour gluten in the dough and increased the hardness of butter biscuit. Similar results were also obtained in the studies of bread fortification using grape pomace and GSF (Smith & Yu, 2015; Hoye, 2009 ). The hardness of cookies with GSF may also be attributed to the loss of moisture (Table 4) and the interaction between condensed tannin and protein (gluten) which result in the formation of tannin-protein complex. The color parameters (CIEL L*, a*, and b* values) of top surfaces of cookies were presented in Table 3 . All GSF containing cookies had smaller L* values than the control, indicating reduced brightness. At same GSF level and particle size, cookies with Carlos GSF had higher L* values, but lower a* and b* values than cookies with Noble GSF. Carlos GSF had less impact on L*, more impacts on a* and b* of cookies than Noble GSF, which might be caused by higher anthocyanin content of Noble GSF as shown in Fig.1C . At same particle size, the higher the GSF level, the smaller the L*, a* and b* values were. At same GSF concentration, smaller particle size resulted in reduced L* but increased a* and b* values. Overall, the addition of GSF in the cookie formula resulted in cookie darkening and reducing particle size of GSF enhanced the darkening. This is in agreement with the findings of Hoye (2009) in a cookie study and the findings of Smith & Yu (2015) in a bread study. Co-pigmentation of anthocyanins with other polyphenols can produce black pigments (Heras-Roger, et al., 2016) . Oxidation of polyphenols during baking may also contribute to the darkening of GSF containing cookies. Table 4 shows that the inclusion of GSF significantly affected the proximate composition of cookies, but the degree of effect varied with the type, quantity and particle size of GSF. In the presence of GSF, the moisture of cookies decreased from 3.25% (control) to 0.9-1.34% depending on the quantity and particle size of GSF. Larger particle size resulted in lower water retention except cookies with 5% Carlos GSF. The lower moisture of cookies in the presence of GSF could be caused by the high lignin content of grape seeds which has low water holding capacity (Yu, & Ahmedna, 2013) . The cookie ash contents increased with increasing GSF level and decreasing GSF particle size, which can be explained by the high ash content of GSF and the higher ash content of finer GSF fraction (Table 1) . GSF inclusion slightly but significantly increased fat contents of cookie (P<0.05), particularly for Carlos GSF, but the effect of GSF particle size on cookie fat content was very limited. The fat content Carlos and Noble GSF fractions used for cookie making were about 18% and 16%, respectively (Table  1) , while the wheat flour and sugar were low-or non-fat ingredients. Therefore, partial replacement of wheat flour, sugar and butter by GSF increased fat content of cookie. Cookies containing GSF has slightly higher protein content than control cookies (7.07%). Significantly higher protein contents were noticed at 5% and particle size 209 µm of GSF. The main protein source of the original cookie recipe is wheat flour, the proportional replacement of wheat flour, sugar, and fat by GSF, which contains 10.5-17.5% of protein (Table 1) , should increase the protein content of cookies. Table 4 indicates that total carbohydrate in cookies was not significantly affected by the inclusion of 2.5-5% GSF of different particle sizes. Table 4 . Proximate composition and TDF contents of cookies containing GSF of different particle sizes containing Muscadine Noble GSF at same inclusion level and particle size. These findings suggest that GSF can be good source of flavonoid and condensed tannin of cookies, and particle size of GSF plays important role in polyphenol accessibility in food products. The smaller particle size results in better accessibility, thus better bioavailability of polyphenols. Condensed tannins are known to interact with proteins and contribute to astringent taste of cookies (Hoye, 2009; Davidov-Pardo et al., 2012 ). Therefore, the inclusion level and particle size of GSF need to be well controlled to ensure consumer acceptability of the product.
Proximate Composition of Cookies
Figure 2. Effect of GSF inclusion level and GSF particle size on the total polyphenol content (TPC), total flavonoid content (TFC) and condensed tannin (CT) content of cookies A, C, and E-cookies containing Muscadine Carlos GSF, B, D, and F-cookies containing Muscadine Noble GSF
Total Dietary Fiber Content of Cookies
Regression analysis of cookie TDF versus GSF level shows the TDF of cookies increased with GSF content linearly (R 2 = 0.9604 -0.9927) (Fig. 3) . This is expected because GSF fractions contain about 32-67% TDF (Table 1) . Overall, the cookie with coarse GSF fraction showed higher TDF. At particle size 104 and 209, every 1% addition of Noble GSF increased cookie TDF by 0.935 and 0.911%, respectively; and every 1% addition of Carlos GSF increased cookie TDF 0.938 and 1.02, respectively; which were higher than the TDF of GSF. This might be attributed to the high polyphenol, particularly, condensed tannin content of GSF because polyphenols tend to interact with macronutrients to form indigestible complex and to inhibit the activity of digestive enzymes (Yu et al., 2016; Velickovic & Stanic-Vucinic, 2018) . Therefore, GSF can be good for TDF fortification in cookie product, but the level of inclusion must be controlled. 
Consumer Acceptance of Cookies
Cookies made with 2.5% and 5% Muscadine Noble GSF of fine (104 µm ) and medium (209 µm ) particle sizes were evaluated by consumer test because cookies containing higher GSF levels were obviously different from control in color and flavor as tested by a focus group of 4 trained panelists. Results are summarized in Table 5 . The control cookie had the highest scores in all the sensory attributes and overall liking, followed by the cookies with 2.5% of 209 µm GSF. The cookies with 5% GSF of 104 μm received lowest scores. Statistically, both concentration and particle size of GSF had significant impacts on the color, taste and overall liking of cookies (P<0.05), but not on the aroma and texture. The particle size reduction of GSF did not obviously influence the consumer acceptance of cookies at 2.5% level, but negatively affected consumer's perception of all sensory attributes at 5% GSF level (P<0.05). Overall, the level of GSF had more impact on the sensory quality and consumer acceptance of cookies than the particle size for the GSF at the concentrations and particle sizes used in this study. It was reported that the cookies containing 5% GSF (red) was most appreciated in terms of sensorial properties and purchasing intent but the general acceptability significantly decreased as the level of GSF exceeded 10% (Acun & Gul, 2014) . Although another study found that adding up to 15.0 % (on the weight of flour) of GSF did not reduce organoleptic properties of butter biscuit comparing with reference (Samohvalova et al., 2016) , it is unknown whether the GSF used in that study was from red or white grapes. Therefore, 5% GSF might be the highest inclusion level and the fraction with average 209 µm might be the best for cookie making if the GSF is from red grapes. In the same column, data with different superscripts are significantly different (P<0.05).
Conclusion
This study indicates that the chemical composition of GSF varied significantly with particle sizes and finer fraction had higher ash, fat, protein and extractible polyphenol contents, but lower TDF content. Inclusion of GSF in the cookie formula had significant influences on cookie's physical, chemical and sensory properties. The impacts of GSF inclusion on the cookie quality and sensory properties were strongly associated with the quantity of inclusion and the particle size of GSF. Higher inclusion level (5%) and smaller particle size (104 µm) resulted in lower consumer acceptability. Therefore, the quantity of inclusion and particle size of GSF have to be well controlled/balanced to ensure the product quality. According to the results obtained from this study, the GSF fraction with average particle size 209 µm (the fraction passes 60 mesh sieve) can be added up to 5%. These findings provide important insights on the value added utilization of grape seed by food manufacturers or general consumers.
